The recent work of Orland et al. (13) , Fitzgerald et al. (4) , and Fitzgerald and Keyes (5) , in experimental dental caries in rats and hamsters, has indicated the possible role of certain strains of streptococci in the etiology of this disease. However, the abundant presence of various bacterial species in human oral flora made the identification of similar streptococcal strains difficult in human caries.
The fluorescent-antibody (FA) technique (2, 3) has been used in recent years as a diagnostic procedure for the identification of bacteria and viruses (1) . As such, it has been used for the rapid identification of group A streptococci in throat cultures (12) . In this procedure, the FA technique had limitations, because cross-reactions were sometimes encountered with groups C and G streptococci (12, 16) , organisms which are commonly present in the human oral flora but are lacking the pathogenic potential of group A organisms. These organisms contain antigenic components closely related to group A. The cross-reactions in the FA technique were eliminated by the adsorption of the fluorescein-'lPresented in part at the 66th Annual Meeting of the American Society for Microbiology, Los Angeles, Calif., 1-5 May 1966. conjugated group A antiserum with group C cells, followed by the addition of a small amount of unconjugated group C antiserum to the fluorescein-conjugated group A antiserum (15) .
In the present study, the FA technique was adapted to use for the rapid identification of streptococci in the human oral flora having cariogenic potential under appropriate experimental conditions. Through use of the animal strains of cariogenic streptococci, antisera were prepared and conjugated with fluorescein isothiocyanate; these antisera facilitated the identification of similar strains in human carious lesions (18 (12) . The fluorescein-conjugated antisera were generally used in a dilution of 1:50, with phosphatebuffered saline (pH 7.2) as the diluent. These conjugated antisera were prepared against strain HS-1, strain FA-1, and human strains A, B, C, and H; the remaining antisera were not conjugated, because, as will be noted later, the A and B strains are representative of the other strains.
Immunological tests. All the prepared antisera were tested by microprecipitin (17) and Ouchterlony techniques (14) , using Lancefield (11) acid extracts of the various streptococcal strains. The microprecipitin tests indicated both specific reactions and crossreactions, and the Ouchterlony technique indicated the relationship between the reacting antigen-antibody components. This technique was run in the usual manner using 3 X 1 inch (7.6 X 2.5 cm) slides. The slides were placed in an LKB immunoelectrophoresis slide frame (LKB Instruments, Inc., Washington, D.C.) and coated with 1% agar (Difco). After solidification, a trough 2 mm wide and 65 mm long was cut in the agar through the middle and along the length of each slide, with an LKB trough cutter, and wells, 2 mm in diameter, were cut above and below the trough. With this modification in the design of the Ouchterlony technique, 12 extracts could readily be accommodated on the same slide to show antigen-antibody relationships. The antiserum was placed in the trough and the streptococcal extracts were placed above and below the troughs. The frames containing the slides were placed in holders, and diffusion was allowed to proceed for 48 hr at room temperature in a moist atmosphere. The excess, nonreactive serum was then washed from the slides by placing them in several changes of 1% saline in a polyethylene container for 2 days. To facilitate the removal of the excess serum, a magnetic stirrer was used. The holder containing the slides was then immersed in distilled water for 1 hr; the slides were then covered with strips of filter paper moistened with distilled water, left to dry overnight in a 37 C incubator, and stained with 0.1% amido black by the technique of Hirschfeld (7) . The dark antigen-antibody bands were then photographed.
Isolation of streptococci from human teeth. In a previous study (18) , material was taken from active human carious lesions with a spoon excavator, was placed in a tube containing 5 ml of Todd-Hewitt Broth (Difco) supplemented with lactalbumin hydrolysate, and was incubated overnight at 37 C. The isolation of typical colonies, under these conditions, was often difficult, because the cariogenic streptococci were frequently overwhelmed by the more rapid growth of other oral microorganisms. It was found that incubation of the mixed oral flora for 4 to 5 hr was sufficient to give the cariogenic streptococci a good start in growth without being overgrown by other flora. Typical chai'ns can readily be distinguished at this time by the FA technique. At the same time, a loopful of material was streaked on Mitis Salivarius Agar, and in 48 to 72 hr typical A and B colonies, if present, could be readily seen. These colonies have been previously described (18) . The A colonies form a gelatinous substance, which is probably an extracellular carbohydrate (6) , whereas the B and C colonies do not. The H colonies, which have not been previously described, have the thick and gummy appearance of Streptococcus salivarius. They grow much more rapidly than either the A, B, or C colonies, and appear after overnight incubation. The D, E, and F colonies resemble the A strain and the HS-1 strain, whereas the I colonies resemble the B strain and the FA-1 strain.
Testing for cariogenic activity. Cariogenic activity. The relative ability of the streptococcal groups to induce caries in hamsters maintained on a high sucrose diet was investigated. The animals were orally infected, and, from time to time, the teeth were examined by stereomicroscopy. When different degrees of caries were noted, the animals were sacrificed. The results of the comparative rates of the caries activity of the different groups are in Table 2 .
The above results indicate that the separation of the strains into groups on the basis of antigenantibody reactions can be extended to include caries activity. On this basis, group 1 was the most active, group 3 was the least active, and group 4 was completely without caries activity.
FA reactions. Fluorescein-conjugated antisera to the animal strains and to human strains A, B, C, and H, as representatives of the tentative streptococcal categories, were used to check -- (Table 3 ).
The fluorescence of strains HS-1, A, D, E, and F with the HS-1 and A fluorescein-conjugated antisera, and that of strains FA-1, B, and I with the FA-1 and B antisera, corroborates the close relationship of the strains indicated by the microprecipitin (17) and Ouchterlony (14) tests. The H strain also showed a relationship because of cross-reactivity of the fluorescence reactions with all the antisera. The C strains showed an aberrant reaction in which the fluorescence was limited to the outer periphery of the organism when stained with the A, HS-1, B, or FA-1 fluorescein-conjugated antisera, indicating at least a partial antigenic relationship. This aberrant fluorescence reaction has been reported previously (18) . The significance of this reaction is not apparent at present, but it may indicate a lack of homogeneity in the cell wall of this strain. An example of the aberrant, one-sided fluorescence is presented in Fig. 2 , in which a mixture of A, B, and C cultures was stained with fluorescein-conjugated A 4+  4+  4+  3+  FA-1  -4+  4+   A  -3+  4+  A  4+  -4+  -A  4+  4+  4+  3+  -B  -4+  -4+   A  --4+ nate the cross-reactions by adsorbing the antisera with C and H strains prior to conjugation with fluorescein isothiocyanate. This attempt was unsuccessful; the final adsorbed antisera were too weak for use. A technique similar to that employed by Redys, Parzick, and Borman (15) in inhibiting common antigen fluorescence in the identification of group A streptococci was then tried. In that technique, the fluorescein-conjugated group A antiserum was first adsorbed with group C streptococcal cells, and then a small amount of nonconjugated group C antiserum was added. This mixture of antisera successfully inhibited common antigen fluorescence of groups C and G streptococci as well as staphylococci. In the preceding sections, it was shown that some antigens of cariogenic streptococci are common in the noncariogenic C strain and the mildly cariogenic H strain. Therefore, a small amount of nonconjugated C and H antisera was added to the fluorescein-conjugated A and B antisera. The A and B antisera were used in a dilution of 1:50 to 1:100, and the C and H antisera were added in a final dilution of 1:50.
An example of the staining effectiveness of the mixture of fluorescein-conjugated and unconjugated antisera in inhibiting cross-reactions is presented in Fig. 3 . Samples of A and H broth cultures were deliberately mixed, placed on slides, heat-fixed, and stained with the fluoresceinconjugated A antiserum. Both the A and H strains fluoresced; the A strain had greater intensity, but the H strain showed considerable cross-reactive fluorescence. The lower section of Fig. 3 shows the same culture mixture, stained with the antiserum mixture of fluorescein-conjugated A antiserum and unconjugated C and H antisera. The fluorescence of the H strain was completely inhibited, and the fluorescence intensity of the A remained unaffected. The crossreactions with the B antiserum and the aberrant fluorescence reaction of the C strains with either the A or B antisera were similarly inhibited by the addition of the unconjugated C and H antisera.
In the present modification of the technique of Redys, Parzick, and Borman (15), it was not necessary to adsorb the fluorescein-conjugated A and B antisera with the C and H strains. The addition of the unconjugated C and H antisera was effective in blocking the cross-fluorescence reactions by these organisms. It was also found that the addition of either the C or the H antiserum alone was not as effective as adding both antisera.
DISCUSSION
In the studies on human dental caries, with the FA technique (1-3, 12) , eight streptococcal strains were isolated; seven of these were cariogenic at varying rates, but the eighth was noncariogenic, although possessing antigenic components in common with some of the cariogenic strains. In the present investigation, these strains were tentatively divided into four groups based on their antigenic components as demonstrated by the microprecipitin (17) and Ouchterlony (14) techniques and by caries activity.
We encountered some cross-reactivity among the four groups of cariogenic and antigenically related noncariogenic streptococci by the FA technique. To eliminate these cross-reactions, related-strain antisera were added to the fluorescein-conjugated antisera to the cariogenic streptococci. The related-strain antisera blocked the reactions of the cross-reacting strains. This probably occurred because of the relative speed with which specific and cross-reactions occurred. In the precipitin test, specific reactions were often visible in less than 1 min; cross-reactions took place at a much slower rate and sometimes became visible only after overnight refrigeration. The FA reaction was read after a shorter time and the sensitivity was high; therefore, crossreactions with common, secondary antigens were readily picked up. However, when the relatedstrain antisera were added to the specific fluorescein-conjugated antiserum, they reacted rapidly to the related, cross-reacting strains for which they were specific, forming an antigen-antibody bond which blocked the secondary reaction to the fluorescein-conjugated antiserum. Wherever cross-reactions are encountered in the FA technique, the addition of a small amount of relatedstrain antiserum should be considered as a means of blocking cross-reactions, instead of using the technique of adsorption which frequently results in a greatly weakened antiserum.
The FA technique is an excellent tool for the identification of cariogenic streptococci. By its use, many additional related strains may be identified and isolated. In this way, a common denominator, or denominators, may be found among the various strains which will clarify the role of the organism in the mechanism of dental caries.
